Lipid modification on the cysteine residues of proteins, known as S-palmitoylation or S-acylation, regulates the subcellular localization and the function of proteins. S-acylation is catalysed by a group of protein acyltransferases (PATs) with a conserved Asp-His-His-Cys (DHHC) motif. The molecular function of S-acylation has been studied in details in yeast and mammalian cells, but its role in plant cells remains unclear. Here it is reported that the expression of two homologous protein acyltransferases-PAT13 and PAT14 -was moderately increased in the older leaves of Arabidopsis. The double mutant of PAT13 and PAT14 displayed a severely early leaf senescence phenotype. The phenotype was complemented by PAT13 or PAT14 overexpression in the double mutant, confirming the roles of PAT13 and PAT14 in this process. Furthermore, the levels of reactive oxygen species (ROS) and cell death were dramatically induced in the double mutant. To investigate the molecular functions of PAT13 and PAT14, their potential S-acylation substrates were predicted by bioinformatics methods. The subcellular localization and S-acylation of a candidate substrate NITRIC OXIDE ASSOCIATED 1 (NOA1), which also plays a role in leaf senescence control, were partially disrupted in the protoplasts of the double mutant. Impairment of S-acylation on NOA1 affected its subcellular localization and its function in leaf senescence regulation. Conclusively, protein S-acyltransferases PAT13 and PAT14 are involved in leaf senescence control-possibly via NOA1 S-acylation-, providing a new sight into the regulation mechanism of S-acylation in leaf senescence.
Introduction
S-acylation or S-palmitoylation is a type of lipid modification, which transfers long-chain fatty acids such as palmitate to cysteine residues of proteins via a thioester linkage, regulating protein subcellular localization, trafficking, stability, and activity (Smotrys and Linder, 2004; Linder and Deschenes, 2007) . For instance, studies in yeast and mammalian cells have shown that the correct localization of rat sarcoma proteins (RAS) and G protein subunits (Hancock et al., 1989; Linder et al., 1993) -as well as the transport of membrane proteins including G-protein coupled receptor (GPCR) and SNARE (ValdezTaubas and Pelham, 2005; Escriba et al., 2007) -is dependent on S-acylation, suggesting an important function of this type of lipid modification. S-acylation is catalysed by a group of S-acyltransferases containing an Asp-His-His-Cys (DHHC) motif, which is essential for the catalytic activity (Lobo et al., 2002; Roth et al., 2002) . Given that, DHHC proteins are conserved in eukaryotes and that disruptions of DHHC genes are associated with various human diseases (Chavda et al., 2014) , the molecular function of this enzyme family has been studied for more than a decade. However, the role of this family in plants remains unclear.
In Arabidopsis, several proteins involved in development and stress response have been characterized as S-acylation substrates. For example, S-acylation regulates membrane localization of calcineurin B-like proteins (CBLs) and RHO family proteins-for downstream signalling transduction (Lavy et al., 2002) . A recent proteomics study identified more than 500 S-acylation substrates in Arabidopsis, implying the important roles of S-acylation in plants (Hemsley et al., 2013) . The whole genome analysis showed that there are 24 DHHC members in Arabidopsis (Batistic, 2012; Yuan et al., 2013) , but only two DHHC acyltransferases have been functionally characterized. The TIP1 (PAT24) mutant displays developmental defects, especially in root hair growth (Hemsley et al., 2005) . Disruption of PAT10 impairs plant development, for example, vascular patterning and fertility, as well as salt tolerance that may be mediated by S-acylation of CBLs Zhou et al., 2013 ). An upcoming interesting question is what the functions of other DHHC acyltransferases are and how S-acylation regulates substrates in different signalling pathways.
Leaf senescence occurs in ageing or stressed leaves, and is a critical process in plant development and stress response (Lim et al., 2007) . Senescence involves actions from cell to tissue regulated by genetics components and hormones such as abscisic acid, ethylene, jasmonic acid, and salicylic acid (Khan et al., 2014) . Although a number of genes, including transcription factors, receptors, and other signalling transduction factors have been identified as regulators in leaf senescence by genetics and transcriptome analysis , the detailed molecular mechanism of this process remains unclear. S-acylation potentially regulates different pathways in plants, but the regulation mechanism of S-acylation in leaf senescence has not yet been reported.
Here the function of two homologous DHHC acyltransferases-PAT13 (At4g22750) and PAT14 (At3g60800)-is reported to be involved in leaf senescence. The expression levels of these two genes are increased in older leaves and the double mutant of PAT13 and PAT14 exhibits a severely early senescence phenotype. The cell biology and biochemistry analysis indicated that PAT13 and PAT14 partially regulate the subcellular localization of a novel S-acylation substrate NITRIC OXIDE ASSOCIATED 1 (NOA1). The functional analysis of PAT13 and PAT14 would shed light on the regulation mechanism of S-acylation in leaf senescence.
Materials and methods

Plant materials and growth conditions
The seeds of pat13-1 (SALK_015570), pat14-1 (SALK_026159), and noa1 (SALK_047882) were obtained from Arabidopsis Biological Resource Center (ABRC). The pat13-1pat14-1 double mutant was generated by a genetic cross between pat13-1 and pat14-1. All the homozygous plants with different genotypes were verified by genomic PCR and RT-PCR. Seeds were surface sterilized for 2 min in 75% ethanol followed by 5 min in 1% NaClO solution and washed five times in sterile water, plated on MS medium with 1.5% sucrose and 0.8% agar, and vernalized at 4 °C for 2 d in dark conditions. Plants were grown under long-day conditions (16 h of light/8 h of dark) at 23 °C.
Plasmid generation
To generate the PAT13 and PAT14 complementary transgenic plants, the genomic DNA of PAT13 or the CDS of PAT14 was amplified and cloned into a binary vector pCambia1302 by NcoI and SpeI. The constructs were transformed into Agrobacterium EHA105, which were then used to transform the pat13-1pat14-1 plants. To generate NOA1-YFP, the encoding sequence of NOA1 was amplified and cloned under a 35S promoter in a YFP vector generated from pBluscript by NcoI single digestion and the insertion direction was verified by sequencing. The NOA1 CS mutant was created by site directed mutagenesis (MutanBest kit, Takara) and cloned into the YFP vector in a similar way. To generate the NOA1 complementary plants, the CDS fragment of NOA1 was digested from the YFP construct, then cloned into pCambia1302 by NcoI single digestion and the insertion direction was verified by sequencing. The pCambia1302-NOA1 or NOA1 CS was used for transformation into the noa1 plants by Agrobacterium. To create the NOA1-FLAG expression construct, at first, a 3×FLAG tag fragment with a stop codon was inserted into the YFP empty vector to replace the YFP gene and generate a vector named 35S-FLAG vector. The NOA1 or NOA1 CS fragment was cloned into the 35S-FLAG vector by NcoI/EcoRI. The primer sequences are listed in Supplementary Table S1 at JXB online.
Expression analysis
Total RNA was extracted from rosette leaves with Trizol reagent (Invitrogen), and treated with RNase-free DNase I (Fermentas), according to the manufacturer's instructions. The purified RNA was used for reverse transcription using Superscipt II (Invitrogen). For RT-PCR, the cDNA was used as a template and Actin1 was used for an internal control. For real-time RT-PCR, SYBR green was used to monitor the kinetics of PCR products. The Ubiquitin10 transcript was used as an internal control to quantify the relative transcription levels of target genes. The primers used are listed in Supplementary  Table S1 .
Leaf senescence and reactive oxygen species detection assays
For measurement of chlorophyll, 80% acetone was used to extract chlorophyll from rosette leaves from different growth stages. The chlorophyll content was detected in a spectrophotometer at 663 and 645 nm (Lichtenthaler, 1987) . Cell death was visualized in detached leaves by lactophenol Trypan blue staining and saturated chloral hydrate destaining (Koch and Slusarenko, 1990) . For H 2 O 2 determination, the detached leaves were stained in 3,3′-diaminobenzidine and then boiled in 80% ethanol for 10 min as described (Rea et al., 2004) . The H 2 O 2 content measurement was performed using a H 2 O 2 detection kit (A064) from Nanjing Jiancheng Company, China.
Protoplast transformation and confocal microscopy
The rosette leaves were used for protoplast transformation following the protocol from Jen Sheen's laboratory (Yoo et al., 2007) . The transformed protoplasts were grown for 48 h at 23 °C and the subcellular localization of YFP fusion protein was observed under a Zeiss LSM 710 laser scanning microscope with 514 nm for excitation and 530-600 nm for emission. The chlorophyll autofluorescence was also recorded. The photos from YFP, chlorophyll, and bright field channels were merged.
Acyl-RAC assay
The Acyl-RAC assay was performed following the protocol from Forrester et al., 2011 . In particular, the plasmids expressing NOA1-FLAG or NOA1 CS-FLAG were transformed into protoplasts. After 48 h incubation, the cells were collected and lysed in lysis buffer (25 mM HEPES, 25 mM NaCl, 1 mM EDTA, pH 7.5) containing a protease inhibitor cocktail. Equal amounts of proteins were diluted in blocking buffer (100 mM HEPES, 1.0 mM EDTA, 2.5% SDS, 0.5% MMTS, pH 7.5) and incubated at 40 °C for 10 min with frequent vortexing. Three volumes of cold acetone were added into the sample and allowed to precipitate at −20 °C for 20 min. The precipitated proteins were collected by centrifugation at 5000 g for 10 min, and the pellet was washed with 70% acetone, resuspended in 300 µl of binding buffer (100 mM HEPES, 1.0 mM EDTA, 1% SDS, pH 7.5) and added to 40 µl of prewashed thiopropyl Sepharose 6B (Sigma). Forty microlitres of either 2 M NH 2 OH (pH 7.5) or 2 M NaCl was added into this mixture. The mixtures were rotated at room temperature for 2 h. The supernatants (20 μl) were saved as the total input. Resins were washed five times with binding buffer. Elution was performed using 60 µl of binding buffer containing 50 mM DTT at room temperature for 20 min. Supernatants were removed and mixed with protein loading buffer, incubated at 95 °C for 5 min, and subjected for SDS-PAGE and immunological detection.
Bioinformatics
The expression of PAT13 and PAT14 at different growth stages was analysed in eFP browser (Winter et al., 2007) (http://bbc.botany. utoronto.ca/efp). The genes associated with leaf senescence were searched and collected from LSD2.0 (http://www.eplantsenescence. org/) (Li et al., 2014) . The prediction of S-acylation candidates was performed by CSS-Palm4.0 (http:// csspalm.biocuckoo.org/) (Ren et al., 2008) .
Results
Expression levels of PAT13 and PAT14 are moderately increased in older leaves
Recent studies have suggested that S-acylation is involved in various biological processes in plants (Ueda et al., 2001; Meng et al., 2010; Liu et al., 2013) ; therefore, whether S-acylation plays a role in the signalling transduction of leaf senescence was investigated. The expression levels of S-acyltransferases were analysed by a bioinformatics software Arabidopsis eFP Browser (Winter et al., 2007) . The results indicated that the expression of two homologous genes-PAT13 and PAT14-was increased in senescent leaves, suggesting their function may be associated with leaf senescence in Arabidopsis. A previous phylogeny study of Arabidopsis PAT proteins showed that these two proteins display 66% sequence identity and are most closely related compared with other PATs (Batistic, 2012) . Bioinformatics analysis suggested that the protein topologies of PAT13 and PAT14 are similar, including four potential transmembrane domains, a short N terminal, and a long C terminal. The residues in the cysteine-rich domainincluding a DHHC motif, the catalytic centre of S-acylation reaction-are highly conserved between these two proteins (Fig. 1A) . To confirm the bioinformatics data, the expression of PAT13 or PAT14 was detected in leaves from plants at different ages through quantitative real-time PCR. The results showed that the expression of both genes in 6-week-old leaves starting senescence was higher than that in young leaves from 4-week-old plants (Fig. 1B) , suggesting these homologous PATs may be involved in leaf senescence regulation.
The PAT13 PAT14 double mutant displays a severely early leaf senescence phenotype
To investigate the function of PAT13 and PAT14 in leaf senescence, the T-DNA insertion lines pat13-1 and pat14-1 (denoted pat13 and pat14 in the figures) were obtained from ABRC. The homozygous plants of each genotype were isolated and verified by genomic PCR ( Supplementary Fig. S1 at JXB online) and RT-PCR ( Fig. 2A) . To disrupt the function of both genes, the pat13-1pat14-1 double mutant was created by genetic cross and the homozygous double mutant was isolated and verified by genomic PCR (Supplementary Fig. S1 ). Compared with wild-type, pat13-1 displayed a normal growth phenotype, while pat14-1 showed a mildly early senescence phenotype. Furthermore, a severely early leaf senescence phenotype was observed in the 3-week-old double mutant plants (Fig. 2B, C) . In 5-week-old plants, the senescence phenotype in pat14-1 leaves was more obvious, while the leaves in the double mutant were completely yellow (Fig. 2D ). Because no difference in flowering time and response to stresses was observed between the wild-type and mutants (Supplementary Figs S2 and S3) , it is highly possible that the senescence phenotypes are not associated with general stresses.
During leaf senescence, chlorophyll content is a more sensitive physiology marker. Measurement showed that the chlorophyll content in the double mutant started to decrease in 2-week-old plants and fell dramatically during growth (Fig. 2E) , suggesting the senescence phenotype happens at an early stage in the double mutant. Many genes upregulated during leaf senescence have been defined as senescenceassociated genes (Gepstein et al., 2003) . The transcript levels of two senescence-associated genes were determined in the wild-type and mutants. The expression of SEN4 and SAG20 was upregulated significantly in the mutants compared with that in wild-type (Fig. 2F) . The marker gene expression was slightly increased in pat13-1, moderately increased in pat14-1, and highest in the double mutant, indicating different senescent situations in these plants.
To confirm that the early senescence phenotype of pat13-1pat14-1 plants is dependent on the T-DNA insertions in the PAT13 and PAT14 genes, the PAT13 or PAT14 gene driven by the 35S promoter was introduced into the double mutant plants. As a result, the double mutant was complemented by PAT13 or PAT14, respectively and displayed a normal growth phenotype similar to the wild-type (Fig. 3) , supporting the conclusion that PAT13 and PAT14 cooperatively regulate leaf senescence.
Levels of reactive oxygen species and cell death are enhanced in the PAT13 PAT14 double mutant plants
Given that reactive oxygen species (ROS) and oxidative reactions are involved in leaf senescence (Zimmermann and Zentgraf, 2005) , it was interesting to detect whether the ROS level changed when PAT13 and PAT14 were disrupted. The leaves from wild-type, pat13-1, pat14-1, and the double mutant were detached and stained in 3,3′-diaminobenzidine to determine endogenous H 2 O 2 accumulation. The staining results showed that the basal H 2 O 2 level was higher in the double mutant than in the plants from other genotypes (Fig. 4A) , suggesting that ROS production in leaves may be suppressed by PAT13 and PAT14. The quantitative result indicated that H 2 O 2 in the double mutant was threefold more than that of the wild-type (Fig. 4B) . Because H 2 O 2 induces cell death, the cell death rate was examined by Trypan blue staining in the leaves from wild-type and mutants. From the microscopy data, the cell death rate was slightly increased in the leaves of pat14-1 and dramatically increased in the double mutant (Fig. 4C) . These results suggested it is possible that PAT13 and PAT14 have an effect on the ROS pathway and cell death regulation in leaf senescence.
The subcellular localization and S-acylation of NOA1 are partially affected in the PAT13 PAT14 double mutant
Because PAT13 and PAT14 belong to the DHHC S-acyltransferase family, which has been studied in detail in yeast and mammalian cells, it is highly possible that these transferases modify substrates involved in leaf senescence regulation. More than 100 genes related to leaf senescence in Arabidopsis were collected based on the information from the LSD 2.0 database (Li et al., 2014) . The protein sequences of these genes were analysed by a bioinformatics software CSS-palm 4.0 for S-acylation possibility prediction (Ren et al., 2008) . Six proteins with high scores from S-acylation prediction-Senescence associated gene 113 (SAG113; AT5G59220) (Zhang et al., 2012) , Phytoalexin deficient 4 (PAD4; AT3G52430) (Morris et al., 2000) , MAP kinase kinase 9 (MKK9; AT1G73500) (Zhou et al., 2009 ), Nonyellowing 1 (NYE1; AT4G22920) (Ren et al., 2007) , NOA1 (AT3G47450) (Guo and Crawford, 2005) , and Matrix metalloproteinase (MMP; AT1G70170) (Golldack et al., 2002) were chosen as candidate substrates. Given that, one of the critical functions of S-acylation is regulation of subcellular localization of its substrates, it is possible that the corresponding substrate localization would change in the absence of PAT13 and PAT14. The candidate proteins fused with YFP were expressed in Arabidopsis protoplasts to determine whether the protein subcellular localization was different in the wild-type and mutant cells. The localization of most of candidates did not change when PAT13 and PAT14 were depleted (data not shown). However, NOA1 (also named NOS1 or RIF1), located in chloroplasts in wild-type protoplasts, was partially mislocated in around 31% of the pat13-1pat14-1 protoplasts. The localization of NOA1 in the single mutant was similar to that in the wildtype protoplasts (Fig. 5A) . These results suggested that the subcellular localization of NOA1 was partially dependent on PAT13 and PAT14. To determine whether NOA1 is an S-acylation substrate, FLAG-tagged NOA protein was expressed in protoplasts and measured in an Acyl-RAC assay (Forrester, et al., 2011) . As a result, NOA1 was pulled down on the thiopropyl Sepharose in the presence of hydroxylamine, compared with the control sample without signal in the absence of hydroxylamine (Fig. 5B) . This result supported the hypothesis that NOA1 is a novel S-acylation substrate in plant cells. At the same time, the S-acylation level of NOA1 in the pat13-1pat14-1 mutant was lower than that in the wild-type cells (Fig. 5B) , suggesting that the S-acylation of NOA1 is at least partially mediated by PAT13 and PAT14.
Impairment of S-acylation affects the subcellular localization and function of NOA1
The consequent issue was whether S-acylation regulates the function of NOA1 in leaf senescence control. Following the information from S-acylation site prediction, two cysteine sites-Cys107 and Cys108-on NOA1 with high scores were mutated to serines (named NOA1 CS mutant in Fig. 6 ). The S-acylation level of the mutated protein was also detected in the Acyl-RAC assay. Compared with the result from wild-type NOA1, the mutations attenuated its S-acylation level (Fig. 6A) , indicating that these two cysteines are potential S-acylation sites, although it is possible that there are other S-acylation sites on the protein.
Because the subcellular localization of NOA1 was affected in the pat13-1pat14-1 mutant, the NOA1 protein with cysteine mutations was expressed in wild-type protoplasts to confirm whether the NOA1 mislocalization is dependent on the defect of S-acylation. Compared with the wild-type NOA1, which was located on chloroplasts, the mutated NOA1 protein was mislocated in 23% of protoplasts (Fig. 6B) , suggesting that S-acylation partially contributes to the correct localization of NOA1.
The seeds of NOA1 T-DNA knockout plants (noa1), which display dark-induced leaf senescence phenotypes (Guo and Crawford, 2005) , were obtained from ABRC and the homozygous mutant plants were verified by genomic PCR (data not shown). To investigate the effect of S-acylation on the function of NOA1 in plants, the wild-type or the cysteine mutated NOA1 gene was overexpressed in the noa1 plants ( Supplementary Fig. S4 available at JXB online). Compared with the wild-type leaves, the leaves of the noa1 mutant exhibited a slightly yellow colour and the senescent phenotype was enhanced in the dark treatment (Fig. 6C) . The early senescence phenotype of noa1 was rescued by overexpressing the wildtype NOA1 gene. Surprisingly, the cysteine mutated version of NOA1 was unable to recover the noa1 plants from early senescence (Fig. 6C) . These results provided evidence for the importance of S-acylation on the in vivo function of NOA1. 
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The Acyl-RAC assay for NOA1 S-acylation detection. NOA1-FLAG protein was expressed in the wild-type or pat13-1pat14-1 protoplasts for 48 h. The signals from total lysates are shown at the top panel as input control, and the pulldown indicated the S-acylation proteins captured on the thiopropyl Sepharose. The samples treated with NH 2 OH suggested that the modification is specific in a NH 2 OH dependent manner. The samples without NH 2 OH are controls for specificity. The signals were detected from immunological blot by anti-FLAG antibody. The result is a representation from three independent experiments. Downloaded from https://academic.oup.com/jxb/article-abstract/66/20/6345/552825 by guest on 11 January 2019 Discussion S-acylation is an important protein posttranslational modification and has been studied in detail in yeast and mammalian cells. Recently, many potential substrates were identified by proteomics, suggesting that S-acylation is also necessary for different processes in plants (Hemsley et al., 2013) . However, the function of S-acylation in the regulation of plant development remains unclear. Accordingly, the regulation mechanism of leaf senescence was investigated and two homologous acyltransferase genes-PAT13 and PAT14-were found to be upregulated in senescent leaves. Because many regulators of leaf senescence were identified from their special expression patterns in senescence stages (Lim et al., 2007) , the upregulated expression of PAT13 and PAT14 provided a possible linkage between S-acylation and senescence in Arabidopsis. These two proteins share high amino acid sequence identity, especially in the catalytic centre, suggesting a possible functional redundancy. Surprisingly, depletion of both PAT13 and PAT14 resulted in early leaf senescence dramatically, compared with wild-type. However, the PAT13 single mutant did not display any abnormal phenotype, whereas the PAT14 single mutant showed weak early leaf senescence. The result from senescence marker genes showed that the senescenceassociated genes were also slightly induced in the PAT13 single mutant, even if early senescence was not observed. These interesting results indicate that PAT13 and PAT14 play a function in leaf senescence regulation cooperatively. Because senescence may be associated with stress responses (Zimmermann and Zentgraf, 2005; Khanna-Chopra, 2012 ), a question is whether the senescence phenotype of the pat13pat14 mutant results from stresses. The result that there was no significant difference between wild-type and mutant seedlings in response to stresses, provides the possible conclusion that these PAT genes mediate signalling pathways in natural senescence.
Because these DHHC proteins belong to the S-acyltransferase family (Mitchell et al., 2006) , it is very possible that they catalyse some protein substrates associated with the leaf senescence pathway. For instance, PAT10 regulates salt response by S-acylation catalysis on CBL proteins . To understand the molecular mechanism of how PAT13 and PAT14 regulate the leaf senescence pathway, the critical issue is identification of S-acylation substrates. NOA1, which is a chloroplast-located functional cGTPase that may indirectly regulate NO production in plants ( Flores-Perez et al., 2008; Moreau et al., 2008) , was predicted as a potential substrate by bioinformatics. The Acyl-RAC assay confirmed that NOA1 is an S-acylation substrate and this process is partially mediated by PAT13 and PAT14. Meanwhile, NOA1 was partially mislocated in the pat13-1pat14-1 protoplasts. The further result from subcellular localization of the cysteine mutated NOA1 suggests that S-acylation controls the correct localization of NOA1 protein. Taken together, PAT13 and PAT14 may mediate the correct localization of NOA1 to chloroplasts via S-acylation. Because PAT13 is located on vesicles and plasma membrane, while PAT14 is located in Golgi vesicles (Batistic, 2012) , the S-acylation of NOA1 may happen on the vesicle membrane system. Given that, localization of plastid proteins is mediated by signalling peptides or the endomembrane system (Li and Chiu, 2010) , from data presented here, it is possible that NOA1 is transported to chloroplasts by the endomembrane system and is modified by PAT13 and PAT14. The S-acylation may enhance the trafficking of NOA1 to chloroplasts, whereas mutations of PAT13 and PAT14 may have effects on the regular transport of NOA1.
Because the noa1 mutant displays a dark-induced early leaf senescence phenotype (Guo and Crawford, 2005; Niu and Guo, 2012) , NOA1 was partially mislocated and its function may be impaired in the absence of PAT13 and PAT14, and, as a result, the double mutant exhibited early leaf senescence. The result that, the mutated NOA1with an S-acylation defect was unable to rescue the senescence phenotype of noa1 plants, supported the importance of S-acylation on the function of NOA1. Furthermore, it is interesting that in the NOA1 mutant, the ROS level was increased (Guo and Crawford, 2005) , which is similar in the PAT13 and PAT14 double mutant. Given that chloroplasts are the major generation site of ROS, NOA1 may suppress ROS production there. The mislocated NOA1 protein would not play its role even if the protein maintained its biochemical activity. Previous studies uncovered that ROS contributes to the progression of leaf senescence (Zimmermann and Zentgraf, 2005) ; thereby, in the PAT13 PAT14 double mutant, accumulation of ROS could induce cell death in leaf senescence. However, it cannot be excluded that other proteins involved in this process are also substrates of PAT13 and PAT14, so the early senescence of the double mutant may be contributed by different pathways combined. In addition, PAT13 and PAT14 may have their specific substrates respectively, and regulate leaf senescence in a complicated network. Overall, the data reported here show that two homologous acyltransferases cooperatively regulate leaf senescence. In future studies, more detailed experiments will be used to shed light on the molecular mechanism of how S-acylation regulates leaf senescence.
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